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1. Background 


The research project Neurogenetic Analysis of Chemosensory Reception in 
Drosophila BT / R&D/9/2/93-NS began in 1994. The initial grant was for three 
years. It was subsequently extended for two years (1998 and 1999) without additional 
cost. This is the final report covering the period 1994-1999. Annual progress reports 
were submitted in 1995,96,97 and 98. 

The aim of the project was to study the mechanism of chemosensory reception 
in Drosophila melanogaster by isolating olfactory and gustatory mutants and by a 
combined behavioral, electrophysiological and molecular genetic analysis of these 
mutants. The chief purpose of the project is to gain a deeper understanding of the 
molecular mechanism of chemosensory reception and its genetic regulation. 

2. Chemosensory Mutants 

Three groups of genes have been examined in the course of this study. 
Olfactory genes designated olf affect responses to one or more of a set of volatile 
odorants; Gustatory genes designated gust affect taste responses to salts and/or sugar, 
and chemosensory genes Chs which affect olfaction and taste but not other sensory 
behaviors i.e., vision or mechanosensation. 

Previous work in our laboratory has yielded six olfactory genes. olfA, o//B 
olJE and o//F are defective in response to aldehyde; olJC is deficient in responses to 
acetate ester and olfD is smell blind i.e. multiply blocked to a number of different 


odours. These mutants are located on the X- chromosome. The present project 
concentrated on antrosmal mutants generated by the transposon P-Arb. These loci 
affect responses to acetate esters. Nine new genes were obtained. Two of these o//l 86 
and olj 512 are on the 2 nd chromosome; the remaining seven, o//402 , olj 345, olj 534. 
Olj 507, olflOl are on the III chromosome. 

The gustatory genes gustE and gusti were obtained. The mutants exhibit 
increased repulsion to NaCl. Three other genes were found to be simultaneously 
defective in both taste and smell. There have been designated ChsA, ChsB and Ch.sC. 
The genes which were studies in the course of this project, are listed in table 1. 

Phenotypic Characterization 


Several laboratories have screened genetics and cDNA libraries with molecular 
probes in the hope of employing reverse genetics to gain insight into olfaction. We 
have, on the other hand, used behavioral screening to isolate mutants. Both approaches 
have their advantages and disadvantages. Behavioral genetic screening assures us that 
the isolates have a chemosensory phenotype. We also carried out screenings using 
expression of B-galactosidase in P-Arb vector in the antenna or proboscis as a 
diagnostic test. Among mutants screened by behavior about one third show B-gal 
expression in the chemosensory organs . 


We employed a number behavioral test to characterize the olfactory mutants, 
larval response were examined in plate test (V. Rodrigues, 1980; Lilly et. al, 1982) 
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Adult olfactory responses were tested in the olfactory maze (Rodrigues , Siddiqi; the 


olfactory trap (Balaji ) the odour induced jump test (Ref) and 


test. 


(Ref). Gustatory responses were examined in the feeding preference test (Swati et. Al,) 
and the proboscis extension test (Rodrigues , Siddiqi). The Phenotypes of the genes 
discussed in this report are summarized in table 

Reporter gene expression 

Tissue specific expression of the reporter gene was examined by staining 
whole mounts or histological sections with X-gal. Expression patterns of individual 
genes are discussed in each case in the section on molecular characterization. 

Electrophysiological tests 

Two types of Electroanhennogran (E A G) measures surface potential of the 
antenna following odour stimulation single unit responses of olfactory and gustatory 
neurons were measured with capillary electrodes 15 of the mutants genes show 


changes in peripheral 

sections dealing with individual gene^ , 



discussed in the iullcrroirrg 



Courtship Defects In Olfactory Mutants 



It was known from previous experiments with mutants olfC and olJD that 

acetate mutant exhibit to . mu ta n t defect^in courtship behavior. Several of the new olf 

mutants are. defective in mating behaviour . In particular five of the isolates olf702, 
A 

olfl86, olf345, olf534 and olf701 exhibit severe deficiency in mating efficiency. Fig 
Shovy^the^ssetic^of mating behaviour in these mutants. 


Pairwise mating between normal and mutant flies were carried out in all 

^ x £ <f* K $? 

, mutant -©‘■■K normal^" ; 


possible combination i.e. normal 

mutanU^^mutantXW' and mutantnjale^Cnormal female . The results are presented 
in figure . It can be seen that in the five mutants (olj 702, o//186 t olfb 45, 

olf 534 and olf 701) the block in mating is entirely due to a defeat in the male. We 
interpret the result to mean that the effect of the olf mutations on the male is an 
inability to sense a phermornal cue emitted by the female. These results confirm the 
earlier finding that , In Drosophila / one or more acetate esters act as female 
pheromon jjj. 


<f 
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1. Background 

The research project Neurogenetic Analysis of ^hemosensory 
{reception in Drosophila BT / R&D/9/2/93-NS began in 1994. The initial grant 
was for three years. It was subsequent^extended for two yea6(19ff&nd 1999) 
without additional cost. This is the final report covering the period 1994-1999. 
Annual progress reports were submitted in 1995,96,97 and 98. 




The aim of the project was to study the mechanism of chemosensory 
reception in jdrosonhila melanogastet; b y isolating olfactory and gustatory 
mutants and by a combined behavioral, electrophysiolpgical and moleculaik_^ r 
genetic analysis of these mutants. The chief purpose o^project W&rto gain a 
deeper understanding of the molecular mechanism of chemosensory reception 
and its genetic regulation. 

2. Chemosensory mutants^ 

Three groups of genes have been examined in the course of this study. 

Olfactory genes ^designate d olfC affect responses to one or more of a set of l_ 

volatile odorants; Gustatory genes^de si g nated ftusffi ajj jterTaste responses to 

salts and/or sugar, and chemosenSoty ^fehSg w hich anecTolfactiQn and taste 

but not other sensory behaviors i.e., vision or mechanosensation. 4 e+js* 

/ 

Previous work in our laboratory ha^pwduLcd six olfactory genes. fj>lf A, olf 
B<g)lf E andg olf F defective in response to aldehyde; olf C -wae^leficient 
in responses ^acetate ester and olf D -we& smell blind i.e. multiply blocked to a 
number of different odours. These mutants located on the X- 

chromosome. The present project concentrated on antrosmal mutants 
generated by the imiwfomi D A 11 b These loci affect responses to acetate esters 
- obtain edKIine new genes were obtained. Two of these olf 186 and olf 512 a re 
on the 2 nd chromosome; the remaining seven, olf40 2 , olfiT/15 , olf334. Olf 
507, olf 707 are on the III chromosome. 


/ 




The gustatory genes gusQ/ and gustJ were obtained. The mutants 
exhibit increased repulsion to klaeerr Three other genes were Jjao ncd -to be 
simultaneously defective in both taste and smell. There have been designated 
Chs A , ChsB and ChCT - The genes which were studies-G«-the course of this 
project are listed in table 1 . 

Phenotypic Characterization^ 
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Several laboratories have screened - for olfactory m utants with molecular 
probes in the hope of employing reverse genetics to gain insight into funohen . 
We have, on the other hand, used behavioral screening to isolate mutants. 
Both approaches have their advantages and disadvantages.^}***behavioral 
genetic screening assures us that the isolates have a chemosensory phenotype. 
We also carried out screenings using expression of 

B-galactosidase in JAnB - yeetoryln the antenna or proboscis as a diagnostic 
test. Among mutants screened by behav io^abo ut show B-gal expression in 
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1. Background 

The research project Neurogenetic Analysis of Chemosensory Reception in 
Drosophila BT / R&D/9/2/93-NS began in 1994. The initial grant was for three years. It 
was subsequently extended for two years (1998 and 1999) without additional cost. This is 
the final report covering the period 1994-1999. Annual progress reports were submitted in 
1995,96,97 and 98. 

The aim of the project was to study the mechanism of chemosensory reception in 
Drosophila melanogaster by isolating olfactory and gustatory mutants and by a combined 
behavioural, electrophysiological and molecular genetic analysis of these mutants. The 
chief purpose of the project is to gain a deeper understanding of the molecular mechanism 
of chemosensory reception and its genetic regulation. 

2. Chemosensory Mutants 

Three groups of genes have been examined in the course of this study. Olfactory 
genes designated olf affect responses to one or more of a set of volatile odorants; 
Gustatory genes designated gust affect taste responses to salts and/or sugar, and 
chemosensory genes chs which affect olfaction and taste but not other sensory behaviours 
i.e., vision or mechanosensation. 

Previous work in our laboratory had yielded six olfactory genes. olfA, ol/B 
olJF and oljF are defective in response to aldehydes; olJC is deficient in responses to 
acetate esters and olJD is smell blind i.e. multiply blocked to a number of different odours. 
These mutants are located on the X-chromosome. The present project concentrated on 
autosomal mutants generated by the transposon P-Arb. These loci affect responses to 
acetate esters. Nine new genes were obtained. Two of these olf\86 and olj 512 are on the 
2 nd chromosome; the remaining seven, olfAOl , o//345, o//534. 0//5O7, olflOl are on the III 
chromosome. 

Two new gustatory genes gustF and gust] were obtained. The mutants exhibit 
increased repulsion to NaCl. Three other genes were found to be simultaneously defective 
in both taste and smell. There have been designated chsA, chsB and chsC. The genes 
which were studied in the course of this project, are listed in table 1. 
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Phenotypic Characterization 

Several laboratories have screened cDNA libraries with molecular probes in the 
hope of employing reverse genetics to gain insight into olfaction. We have, on the other 
hand, used behavioural screening to isolate mutants. Both approaches have their 
advantages and disadvantages. Behavioural genetic screening assures us that the isolates 
have a chemosensory phenotype. We also carried out screenings using expression of 
B-galactosidase in PArb vector in the antenna or proboscis as a diagnostic test. Among 
mutants screened by behaviour about one third show B-gal expression in the chemosensory 
organs. 


We employed a number behavioral test to characterize the olfactory mutants, 
larval response were examined in plate test (V. Rodrigues, 1980; Lilly et. al,1982)Adult 
olfactory responses were tested in the olfactory maze (Rodrigues , Siddiqi, the olfactory 
trap (Balaji, ) the odour induced jump test (Ref) and test. (Ref). Gustatory responses 
were examined in the feeding preference test (Swati et. Al,) and the proboscis extension 
test (Rodrigues , Siddiqi). The Phenotypes of the olfactory genes discussed in this report 
are summarized in table 2. 
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Reporter gene expression 


Tissue specific expression of the reporter gene was examined by staining whole 
mounts or histological sections with X-gal. Expression patterns of individual genes are 
discussed in each case in the section on molecular characterization. 

Electrophysiological tests 

Two types of tests were used, Electro-antennogran (EAG) measures surface 
potential of the antenna following odour stimulation. Single unit responses of olfactory and 
gustatory neurons were measured with capillary electrodes. Several of the mutants show 
changes in peripheral electrophysiology. These are discussed in the sections dealing with 
individual genes. 

Courtship Defects In Olfactory Mutants 

It was known from previous experiments with mutants olJC and olJD that acetate 
mutant exhibit defects in courtship behavior. Some of the new olf mutants are also 
defective in mating behaviour. In particular five of the isolates olJ102, 0 //I 86 , olf$45, 
olj 534 and olfl§\ exhibit severe reduction in mating efficiency. Fig. 1 shows the kinetics of 
mating behaviour in these mutants. 
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Pairwise mating between nonnal and mutant flies were carried out in all possible 
combination i.e. normal x mutant , mutant x normal ; mutant x mutant 
and nonnal x normal . The results are presented in figure It can be seen that in 
the five mutants (o//702, 0 //I 86 , o//345, olf 534 and o//701) the block in mating is entirely 
due to a deficiency in the male. We interpret the result to mean that the effect of the olf 
mutations on the male is an inability to sense an odour cue emitted by the female. These 
results confirm the earlier finding that. In Drosophila , one or more 

acetate esters act as female pheromone. (Ref) 


3.Molecular Analysis of Olfactory Loci 

In the molecular analysis of olfactory genes the following strategy was employed. 
The P-element was localized by in situ hybridization with chromosomal DNA (Table-13 ). 
The rosy + insert was excised away by appropriate crosses and the selected rosy excision 
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lines were tested for olfactory response. Wild type and mutant revertants were obtained in 
all cases except in the crosses with mutants located at position 99B. The 99B lines gave 
unexpected results which are discussed separately. 

The Plasmids were rescued and the flanking DNA obtained was used as a probe to 
select clones from the Drosophila genomic library containing DNA on either side of the 
inserted element. The Genomic probes spanning about 10 kb on the two sides of the insert 
were used to screen cDNA libraries. These cDNAs were sequenced and analysed for 
putative protein products. 


I. 01/186 

Olfl 86 is defective to a broad range of esters in both larval and imaginal 
behaviour. It exhibits reduced responses to ethyl acetate , isoamyl acetate, butyl acetate, 
cyclohexyl acetate and heptyl acetate. Responses to non-acetate esters , ethyl butyrate,ethyl 
iso-butyrate, ethylhexanoate and isoamyl formate are also affected. At the same time the 
mutant has normal responses to butyl butyrate, ethyl hexanoate, butyl propionate and ethyl 
heptanoate as well as butanol, cyclohexanone, benzaldehyde and butyric acid. 

The reporter B-galactosidase is expressed in antenna, proboscis and in certain parts of the 
brain in a sex- limited fashion , expression being more pronounced in males than in the 
females. The mutant males are defective in courtship behaviour. 

Electrophysiology : Correlated with sex-specific behavioural defects in olfl 86 is a 
marked reduction in the amplitude of EAG. The effect on male antenna being greater than 
on female antenna. (Fig. 2 ) 


6 




P-element excision : One hundred excision lines were generated by appropriate genetic 
crosses. Thirty of these were lethal. Viable excised lines contained both precise and 
imprecise revertants. A group of 21 mutants among excised lines failed to complement 
the parental mutant olfi 86. By deficiency mapping the lethal revertants were localised to 
54D, and a lethal complementation map of the chromosomal segment 54C 11 -54F8 was 
constructed (Fig 3). Southern mapping showed that both lethal and viable revertants had 
break points in the region. 
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^8* A. Complementation map of lethal mutants generated by the excision of 

P-olfl86. 

B. Restriction Map of flanking DNA. 


cDNA analysis : A plasmid rescued from olflS6 containing flanking DNA, was used to 
screen a Drosophila genomic library to obtain inserts covering the region. One of these, 
A18, covers both sides of P-element A18 was used to screen three different cDNA 
libraries. Two of these are sex specific libraries made from male and female heads and the 
third is an antennal library made by Dr. Leslie Vausshal of Columbia University. 


Five cDNA clones from the male head library (designated M1-M5) and five from 
the female head library were sequenced. These clones fall in the P| region DS0752 whose 
genomic sequence is available. Forward and reverse strand sequences of 8 cDNA clones 
were analysed. The 15 kb genomic region which gives rise to these cDNA clones has over 
a dozen introns and is multiply spheed. The physical map of the region along with its 
transcription pattern is shown in fig 4. M3 and M4 are 1368 and 1627 base pairs long with 
and an overlap of 1368 bases. They arise from a single exon. The F cDNAs on the other 
hand are multi-exonic and belong to two families. FI and F4 are identical; F2 and F5 are 
shorter cDNAs without a polyA tail. Northern analysis shows that the M transcript is 
expressed in both sexes whereas the expression of F m RNA is restricted to 
females (Fig 5) 
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Protein Products : The M cDNA has a single ORF with a start and a stop cadon. It codes 
for a 254 amino acid polypeptide. The predicted protein shows no homology to known 
proteins. Hydropathy analysis shows that it is a soluble protein. The F cDNA has a 1056 
base pairs long ORF coding for a 351 amino acid polypeptide. The product in a 
membrane protein with about five transmemberane lethal domains. (Fig 6) 
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In summary 0 //I 86 is a multi extension gene speed to produce more than one 
polypeptides. One of these (designated M ) is a soluble protein; the other (designated F) is 
a membrane protein specific to females. 



II. o//413 

The P-element in olj 413 is located at 79 C-D on the III chromosome. The strain is 
specifically blocked to ethyl acetate; responses to all other odorants are normal. Both larva 
and imago are affected. The reporter gene is expressed in sensory neurons and accessory 
cells of the larval dorsal organ and in the adult antenna and brain. 

Excision'. 17 excision lines were generated. Three of the revertants are lethal. One 
had a wild type olfactory response. The remaining lines were viable mutants. Two strong 
mutant excision lines xl and x2 , allelic to ol/4\3 were selected for further study. 
Additional P-elements, EP(3) 0851 and EP(3) 3230, were obtained. These are located close 
to the original insertion, 7 and 39 base pairs apart respectively from olf4\3. OZ/413, xl and 
x2 belong to a single complementation group. The lethal revertants also form a single 
complementation group. But they are not allelic to olf4\3. Fig .7 shows the position of the 
three P-elements in the genomic DNA. 
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Molecular Analysis : A plasmid carrying a 12.5 kb flanking DNA was rescued from olf\\2> 
and sequenced. The end sequences of P413 were homologous to two cDNA clones 
SD08375 and G11047 and to the inverse PCR sequences from two EP elements EP0851 
and EP3230. The physical map of the region is shown in Fig 8. 

The cDNA clone (SD and GH) are directionally sub cloned between EcoRl and 
Xhol sites of vector POT2. These are translated in opposite directions. SD has a single 
exon 3.6 kb in size. GH is 3.4 kb and contains 11 exons. 


GH protein is somewhat unusual; It is spread over 106 kb of the genomic region 
and contains very large introns. The intron-exon maps of the two cDNAs are shown in 
Fig 9 
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Protein Products : SD codes for an 88 residue polypeptide and has a 3 kb 
untranslated region. The protein is soluble. It has no homolog in the protein data base. No 
signature sequences were detected. 

The GH RNA codes for a 368 amino acid polypeptide. There is a 1 kb untranslated 
region, and no significant transmembrane regions. Functional analysis of GH shows two 
Dopamine |3-monoxygenase signature sequences. These belong to a class of ascorbate 
dependent enzymes of the catacholamine biosynthetic pathway, converting dopamine to 3 
norepinephrine GH protein is 28% homologous to precursor. 

Tissue specific expression : RNA was isolated from 100 antenna, 100 heads and 25 
abdomens of wild type and o//413 and RT PCR experiments were carried out. Fig 10 
shows the results. GH is expressed in head and antenna but not in abdomen. There are no 
apparent differences between olj 413 and CS. SD is expressed in all three tissues. 


Antenna Head Abdomen 


M 1 2 3 4 1234 1234 PM 




SD _GH_ 

Fig. 4.8 Tissue specific expression of SD and GH cDNA clones assessed by RT-PCR 

Amplified products from of tissue specific RT-PCRs are shown. Lanes 1 and 2 contain the 
amplified products from the wild type (CS) and olf413 RNA respectively. Lanes 3 and 4 are the 
-RT (taken through all the steps except adding the enzyme Reverse Transcriptase) controls of 
the wild type and olf413 RNA respectively. P corresponds to the PCR amplified product from 
the respective cDNA plasmid for size comparison and M is the marker (1Kb DNA ladder). 


In summary two cDNA clones GH11047 and SD08735 were identified in 
the olj 413 region. The cDNAs were sequenced and their products identified. The genes are 
transcribed in opposite directions. SD is a novel polypeptide. GH is homologous to bovine 
dopamine hydroxylase, Its expression is restricted to head and antenna. 
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Fig • 3. The relation of EA.G amplitude to olfactory behaviour in the excision lines 

obtained front olf402. Responses normalised to zoildtype. 

*-• 


III. o//402 

The mutation o//402 affects the amplitude of EAG to ethyl acetate. Both larval and 
imago show reduced behavioral responses to ethyl acetate and ethyl phenyl acetate; 
somewhat unexpectedly the amplitude of electroantennogram is increased in the mutant by 
about 50 percent over the wild type. 

Excision : The P-element was mobilized to obtain 160 excision lines showing 

variation in their EAG as well as their behavioural response. Fig 11 presents a plot of EAG 
amplitudes arranged in a decreasing order against the behavioural response. Normal 
behaviour correlates strongly with wild type EAG. A change in either direction leads to 
mutant behaviour. 

Molecular Analysis : A 6 kb flanking DNA fragment was rescued from olf4 02. P402 end 
sequences located it in the bithorax region on the third chromosome, spanning the genomic 
sequences of DS00846 and DS03408. The P-insertion is between two genes abdA and 
glut-l. However, from over one million clones from a cDNA library probed with P402 no 
cDNAs were found.. None of the ESTs in the region showed any homology with P402. 
The status of olf402 thus remains unsettled. 
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IV. Olfactory genes at 99B 


Five olfactory mutants olj 507 , o//543 , olfl02 , olJ345 and o//701 exhibit a veriety 
of phenotypes. Olj 345 has a multiple block to several esters. Others have a restricted range 
of deficiencies ; o//534 is blocked to ethyl acetate o//702 to iso amyl acetate and o//701 to 
both iso-amyl and ethyl acetate. Flanking DNA’s were rescued from four of the mutants 
and the rescued fragments were hybridized to PI clones covering the region 99B. 
However, attempts to excise the inserts failed and the nature of the mutations remain 
uncertain. Hybridizations with P-rosy + and P-blue script have given conflicting results. 
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V. 0//572 


This mutation blocks response to ethyl acetate. The strain contains a single P-insert 
at 53 B-C Molecular analysis of the gene is in progress. 

4. chs genes 

A group of mutants are impaired simultaneously in olfaction and taste . We have 
designated these loci chemosensory (chs). Three such genes chsA , chsB and chsC have 
been found. 

ChsA : The gene was localised to 52 A by in situ hybridization. It is defective in larval 
and adult olfactory tests to a number of odours , ethyl acetate , butanol, butyl acetate, 
cyclohexanone and propionic acid. In gustatory behaviour measured by feeding 
preference, chsA shows a female specific deficit in response to sucrose and NaCl. Excision 
experiments yielded wild type and mutant revertants showing that the phenotype arises 
from P-element insertion.The gene is located in segment 45 

Chs B : Its behavioural responses are similar to chsA 

Chs C : This is an X-linked gene. In gustatory tests it shows altered responses to sucrose, 
fructose , NaCl and KC1. Olfactory tests show deficits to several odour. 
Electrophysiological responses of chs mutants are unaffected. Further analysis of these 
genes is in progress. 
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Behavioural responses of chemosensory mutant (chsC) to salts and sugar. 


5. New gustatory mutants 

We had previously described a gene gws/E in which sodium- induced firing of LI 
neuron is reduced. During the present project two additional loci gustF and gustJ , which 
have a similar phenotype were found. Genetic analysis of these loci has been completed. 
(Jayaram and Siddiqi, 1997 and Saraswati, 1998) 
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Electrophysiology of gust J; a and b gust J show reduced response to NaCL. Responses to Kcl and sucrose 
Normal response (dark circles), mutant (open circles). 




































6. Electrophysiological studies on sensory neurons 


In order to examine the effect of genetic mutations on sensory physiology, we have 
developed new methodologies for recording electroantennograms (EAG) , single unit 
responses from sensilla on the antenna and patch clamp recordings from cultured cells. 
Single unit recordings from the antennal sensilla basiconica were carried out and a 
response map of the wild type was been constructed (Fig 13). The map show a 
characteristic topography, Sensilla basiconica tested against 6 odorants fall into specific 
classes, each with a characteristic response spectrum. Three of the sensillary types are 
restricted to a narrow region of the antenna. The other three are scattered on the upper and 
the lower face; 

We have also developed methods for culturing sensory neurons and successfully 
made patch clamp recordings from these cultures. Neurons of antenna and proboscis can be 
kept alive in cultures upto 3 weeks and remain electrically active. 
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Figure 3 : Taste neurons of Drosophila in sustained primary cul¬ 
tures. (A and B) Neurons in 7 day old cultures exhibit repor¬ 
ter enzyme (p-galactosidase) activity (arrowheads). A macro- 
phage-like cell is unstained (arrow). (C) Neurons double stained 
for p galactosidase and with the neuron specific antibody 2?C 10 
showing very fine neurites. (D and E) A neuronal cell from the 
transformant line e/av Gal~4:UAS GFP expressing green fluores¬ 
cent protein, showing varicosities along the neurites. (F) Sup¬ 
port cells or epithelial cells (marked by arrows) are sometimes 
found closely apposed to neurons (arrowheads). (G) A whole 
cell current recording trace from a cell in culture. 
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7. Monoclonal antibodies reacting with 
chemosensory pathway of Drosophila. 

A library of monoclonal antibodies with unique staining patterns in the antenna and 
the antennal lobes of Drosophila was generated. MABF142D6 stains sensilla coelocomia 
and thick Sensilla basiconic in the faniculus. Y1-3D10 stains only a few Sensilla in and 
around the scapulas while F152E8 stains subsets of glomeruli in the antennal lobe. The 
antibodies have been used to examine age related changes in the antennal lobe after 
eclosion (Mistry, Y., Mistry , R. and Siddiqi, 2000.) 


8. Summary 


This report describes the work on behaviour genetics and molecular biology of a set 
of chemosensory genes of Drosophila under DBT Project BT/R&D/9/2/93/NS. Three 
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classes of genes have been examined. These have been designated olfactory ( olj ), gustatory 
{gust) and chemosensory (chs). 

The main project dealt with nine olf genes which off olfactory responses of 
Drosophila to acetate esters. Molecular and genetic characterization of three of these genes 
has been completed and their putative products have been identified. 

a) The olf\ 86 causes a broad ranging ansonia and affect the courtship behaviour of 
males. Among its products are two proteins, a 254 residue long M polypeptide 
present in the body and the brain of the fly and a 357 residue long F protein 
restricted to the females brain. F is a membrane protein. 

b) The gene olj 413 causes an odour specific block. The P-insertion is located in 
the 5’ region of two genes which are transcribed in opposite directions. One of 
the genes (SD) code for an 88 amino acid polypeptide; the other (GD) codes for 
an enzyme of the catecholamine biosynthetic pathway, weakly homologous to 
bovine dopamine hydroxylase. 

c) The P-insert o//402 is located in the middle of the ubs (ultrabithorax) region. 
Between the genes abd and glut. This segment of the chromosome does not 
appear to code for a recognisable protein. No cDNAs corresponding to the 
genomic region were found. The affect of the mutation is presumably 
regulatory. 

Experiments with five loci (345; 507,534,701 and 702) in 99B region of 
the III chromosome are continuing. These genes have presented unsuspected 
deficiencies because the P-element does not appear to be excisable. 
Experiments on the gene olf4\5 are also continuing. 

Two new gustatory genes gustF and gust] and three chemosensory (chs) 
genes have been isolated. Detailed behavioral and genetic studies on these 
genes have been carried out. Molecular studies are also in progress. 

During the project computer automated techniques of olfactory and 
electrophysiological recordings were developed. These include the analysis of 
electroantennogram, single unit firing from sensory neurons in antenna and 
proboscis and patch clamp recordings from cultured neurons. A panel of 
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monoclonal antibodies which react with cells of the olfactory pathway has been 
generated. 
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1. Background 

The research project Neurogenetic Analysis of Chemosensory Reception in 
Drosophila BT / R&D/9/2/93-NS began in 1994. The initial grant was for three years. It 
was subsequently extended for two years (1998 and 1999) without additional cost. This is 
the final report covering the period 1994-1999. Annual progress reports were submitted in 
1995,96,97 and 98. 

The aim of the project was to study the mechanism of chemosensory reception in 
Drosophila melanogaster by isolating olfactory and gustatory mutants by a combined 
behavioural, electrophysiological and molecular genetic analysis of these mutants. The 
chief purpose of the project was to gain a deeper understanding of the molecular 
mechanism of chemosensory reception and its genetic regulation. 

2. Chemosensory Mutants 

Three groups of genes have been examined in the course of this study. Olfactory 
genes designated olf affect responses to one or more of a set of volatile odorants; 
Gustatory genes designated gust affect taste responses to salts and/or sugar; chemosensory 
genes chs affect olfaction and taste but not other sensory behaviours i.e., vision or 
mechanosensation. 

Previous work in our laboratory had yielded six olfactory genes. olfA, ol/B 
olJE and olfF which are defective in response to aldehydes; olJC is deficient in responses 
to acetate esters and ol/D is smell blind i.e. multiply blocked to a number of different 
odours. These mutants are located on the X-chromosome. The present project concentrated 
on autosomal mutants generated by the transposon P-Arb. These loci affect responses to 
acetate esters. Nine new genes were obtained. Two of the olf genes olj 186 and olj 512 are 
on the 2 nd chromosome; the remaining seven, olf\02 , olf4\3, olf345, olf534. 01/501, 
olflO\ and olf 102 are on the III chromosome. 

Two new gustatory genes gustF and gust] were obtained. The mutants exhibit 
increased repulsion to NaCl. Three other genes were found to be simultaneously defective 
in both taste and smell. There have been designated chs A, chsB and chsC. The genes 
which were studied in the course of this project, are listed in table 1. 
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Table 1 
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List of Chemosensory Mutants used in the project. 


Gene 

Chromosome Arm 

Region 

olf 186 

2R 

54E 

o//512 

2R 

53B-C 

olf 4\3 

3L 

63 A 

olf 402 

3R 

85B 

olf 345 

3R 

99B 

olf 534 

3R 

99B 

olf 507 

3R 

99B 

o//701 

3R 

99B 

olf 102 

3R 

99B 

gust J 

I 

17C-D 

gust F 

I 

- 

chs A 

2R 

52A 

chs B 

- 

- 

chs C 

- 

- 


Phenotypic Characterization 

Several laboratories have screened cDNA libraries with molecular probes in the 
hope of employing reverse genetics to gain insight into olfaction. We have, on the other 
hand, used behavioural screening to isolate olfactory mutants. Both approaches have their 
advantages and disadvantages. Behavioural genetic screening assures us that the isolates 
have a chemosensory phenotype. We also carried out screenings using expression of 
13-galactosidase in PArb vector in the antenna or proboscis as a diagnostic test. Among 
mutants screened by behaviour about one third show B-gal expression in the chemosensory 
organs. 


We employed a number behavioral tests to characterize the olfactory mutants. 
Larval response were examined in plate test (V. Rodrigues, 1980; Lilly et. al, 1982) Adult 
olfactory responses were tested in the olfactory maze (Rodrigues & Siddiqi, 1978) and the 
olfactory trap ( Balaji, 1997 ) the odour induced jump test. Gustatory responses were 
examined in the feeding preference test and the proboscis extension test (Rodrigues and 
Siddiqi, 1980). 
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4* 
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4 
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4 

iso-Amyl formate 

4 

4 
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4 

4 

4 

Butyl propionate 

4 

4 

4- 

4- 


4 

4 

4 

4 

Ethyl heptanoate 

4 

4- 

4- 

4- 


4 

4 

4 

4 


Table 2. Phenotypes of olf mutants in larval tests. + Normal, - Deficient 

Reporter gene expression 

Tissue specific expression of the reporter gene was examined by staining whole 
mounts or histological sections with X-gal. Expression patterns of individual genes are 
discussed in each case in the section on molecular characterization. 

Electrophysiological tests 

Two types of tests were used. Electro-antennogran (EAG) measures surface 
potential of the antenna following odor stimulation. Single unit responses of olfactory and 
gustatory neurons were measured with capillary electrodes. Several of the mutants show 
changes in peripheral electrophysiology. These are discussed in the sections dealing with 
individual genes. 
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Courtship Defects In Olfactory Mutants 

It was known from previous experiments with mutants olfC and olJD that acetate 
mutants exhibit defects in courtship behavior. Some of the new olf mutants are also 
defective in mating behaviour. In particular five of the isolates olflOl, olflS6, olfiAS , 
o//534 and ol/JOl exhibit severe reduction in mating efficiency. Fig. 1 shows the kinetics of 

mating behaviour in some of these mutants. 




82 . 4 * 10.5 

71 . 4 ± 11.8 

12 . 5 ± 8.0 

17 . 5 * 9.2 



Fig. 1 Some olfactory mutants defective in courtship behaviour. Note that the 
deficiency in olf. A16 and olf 186 is more pronounced in the males. 


Pairwise mating between normal and mutant flies were carried out in all possible 
combinations i.e. normal x mutant , mutant x normal ; mutant mutant and normal 
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x normal . In five of the mutants (ol/J02,olf\ 86, o//345, olf 534 and olfJOl) the block in 
mating is entirely due to a deficiency in the male. We interpret the result to mean that the 
effect of the olf mutations on the male is an inability to sense an odour cue emitted by the 
female. These results confirm the earlier finding that, In Drosophila, one or more acetate 
esters act as female pheromone. 


3.Molecular Analysis of Olfactory Loci 

In the molecular analysis of olfactory genes the following strategy was employed. 
The P-element was localized by insitu hybridization with chromosomal DNA. 
The rosy h insert was excised away by appropriate crosses and the selected rosy excision 
lines were tested for olfactory response. Wild type and mutant revertants were obtained in 
all cases except in the crosses with mutants located at position 99B. The 99B lines gave 
unexpected results, which are discussed separately. 

Plasmids were rescued and the flanking DNA obtained was used as a probe to 
select clones from the Drosophila genomic library containing DNA on either side of the 
inserted element. The Genomic probes spanning about 10 kb on the two sides of the insert 
were used to screen cDNA libraries. These cDNAs were sequenced and analysed for 
putative protein products. 

I. Olfl86 

Olf[ 86 is defective to a broad range of esters in both larval and imaginal 
behaviour. It exhibits reduced responses to ethyl acetate, isoamyl acetate, butyl acetate, 
cyclohexyl acetate and heptyl acetate. Responses to non-acetate esters, ethyl butyrate,ethyl 
iso-butyrate, ethylhexanoate and isoamyl formate are also affected. At the same time the 
mutant has normal responses to butyl butyrate, ethyl hexanoate, butyl propionate and ethyl 
heptanoate as well as butanol, cyclohexanone, benzaldehyde and butyric acid. 

The reporter B-galactosidase is expressed in antenna, proboscis and in certain parts of the 
brain in a sex- limited fashion, expression being more pronounced in males than in the 
females. The mutant males are defective in courtship behavior. 
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Electrophysiology : Correlated with sex-specific behavioral defects in o//l 86 is a 
marked reduction in the amplitude of EAG. The effect on male antenna is greater than on 
female antenna. (Fig. 2 ) 




Fig. 2. The EAG response of olflS6 to ethyl acetate; o wild type; • olf 186. 

A. females ; B males. 


P-element excision : One hundred excision lines were generated by appropriate genetic 
crosses. Thirty of these were lethal. Viable excised lines contained both precise and 
imprecise revertants. A group of 21 mutants among excised lines failed to complement the 
parental mutant olf[ 86. By deficiency mapping the lethal revertants were localised to 54D, 
and a lethal complementation map of the chromosomal segment 54C 11 -54F8 was 
constructed (Fig 3). Southern mapping showed that both lethal and viable revertants had 
break points in the region. 


7 











II 


A h 


c 

6 


0 


54 


DEFICIENCY 

P-LETHEL 


12{1 


611 


E FA 

5 lOjl 61 1 31 


4^ 


C11-12 ^ n/ I 

LI L5 L16 L2 
LI 8 L4 
L7-1I 
L15 
L17 

LETHEL FROM EXCISION OF off 186 [.19-24 


FI-2 


55 


b 


L3 

L6 

L12 


54F8 - 55B9 
54F6 - 55C1 
55A - 55F 


B 


o _ 
x: ® 
X o 

LL 


© 

a 

< 

L 


0 

a 

w 


- T5 T? 

2.E SB 

X I I o 


11 


1Kb 


Fig. 3. Genetic mapping of lethal complementation groups in olf 186 region. 24 
revertants are member of L2 group. This group fails to complement viable olf 
mutants. A, Complementation map of lethal mutants generated by the excision of P- 
olf 186. B, Restriction map of flanking DNA. 
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Fig. 4. Physical map of olf 186 genomic region showing the transcription pattern of 
two cDNAs. M. cDNA codes for a soluble protein. F. codes for a female specific 
membrane protein. 
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cDNA analysis'. A plasmid rescued from 0 //I 86 containing flanking DNA, was used to 
screen a Drosophila genomic library to obtain inserts covering the region. One of these, 
A18, covers both sides of P-element. A18 was employed as a probe to screen three 
different cDNA libraries. Two of these are sex specific libraries made from male and 
female heads and the third is an antennal library made by Dr. Leslie Vausshal of Columbia 
University. 

Five cDNA clones from the male head library (designated M1-M5) and five from 
the female head library were sequenced. These clones fall in the P| region DS0752 whose 
genomic sequence is available. Forward and reverse strand sequences of 8 cDNA clones 
were analysed. The 15 kb genomic region which gives rise to these cDNA clones has over 
a dozen introns and is multiply spliced. The physical map of the region along with its 
transcription pattern is shown in fig 4. M3 and M4 are 1368 and 1627 base pairs long with 
an overlap of 1368 bases. They arise from a single exon. The F cDNAs on the other hand 
are multi-exonic and belong to two families. FI and F4 are identical; F2 and F5 are 
shorter cDNAs without a polyA tail. Northern analysis shows that the M transcript is 
expressed in both sexes whereas the expression of F mRNA is restricted to 
females (Fig 5) 



£ | J i 
£ f E £ 

s s i I 



4 5KU 



0.5Kb 


M3 


FI 


Rp49 


Fig. 5. Northerns showing tissue specific transcription pattern of M and F RNAs. 
Poly A- purified RNAs were hybridised to labelled M and F probes. 
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Protein Products : The M cDNA has a single ORF with a start and a stop codon. It codes 
for a 254 amino acid polypeptide. The predicted protein shows no homology to known 
proteins, Hydropathy analysis shows that it is a soluble protein. The F cDNA has a 1056 
base pairs long ORF coding for a 351 amino acid polypeptide. The product is a membrane 
protein with about five transmemberane helical domains. (Fig 6) 

In summary olfl86 is a multi exon gene spliced to produce more than one 
polypeptide. One of these (designated M ) is a soluble protein; the other (designated F) is a 
membrane protein specific to females. 



Fig. 6. Internal structure of the F protein based on the analysis of hydropathy. 
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II. o#413 


The P-element in olj 413 is located at 79 C-D on the 111 chromosome. The strain is 
specifically blocked to ethyl acetate; responses to all other odorants are normal. Both larva 
and imago are affected. The reporter gene is expressed in sensory neurons and accessory 
cells of the larval dorsal organ and in the adult antenna and brain. 

Excision : Seventeen excision lines were generated. Three of the revertants were 
lethal. One had a wild type olfactory response. The remaining lines were viable mutants. 
Two strong mutant excision lines xl and x2 , allelic to 00413 were selected for further 
study. Additional P-elements, EP(3) 0851 and EP(3) 3230, were obtained. These are 
located close to the original insertion, 7 and 39 base pairs apart respectively from olf4 13. 
00413, xl and x2 belong to a single complementation group. The lethal revertants also 
form a single complementation group. But they are not allelic to olf4\3. Fig 7 shows the 
position of the three P-elements in the genomic DNA. 


< - 

100 bps 


a. 

I 


I EP(3)3230 
EP(3)0851 


* 


cDNA 1 . 

(SD08735) 

4 I ■ ■■■■■■ —■——■■■■■!■ cDNA 2 

(GH11047) 


p413^ 

AACTGGTTCtfCGTTCG/UCTGTAAAATAAAATACGTCACCTCGGCGGAGA|GTCAATAGCAAA 

EP(3)0851 E 


‘ EP(3)3230 


Fig. 7. Physical map of olf 413 region showing the positions of P and EP elements and 
direction of transcription of the two cDNAs SD and GH. 
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Molecular Analysis : A plasmid carrying a 12.5 kb flanking DNA was rescued from olf4\3 
and sequenced. The end sequences of P413 were homologous to two cDNA clones 
SD08375 and G11047 and to the inverse PCR sequences from two EP elements EP0851 
and EP3230. The physical map of the region is shown in Fig8 

The cDNA clone (SD and GH) are directionally sub cloned between EcoRl and 
Xhol sites of vector POT2. These are translated in opposite directions. SD has a single 
exon 3.6 kb in size. GH is 3.4 kb and contains 11 exons. 

GH protein is unusual; It is spread over 106 kb of the genomic region and contains very 
large introns. The intron-exon maps of the two cDNAs are shown in Fig 8. 


Artwmj AMnmf n Antwira Hmc tixfcwnn 


M 1 2 3 4 1234 1234 PM M 1 2 3 4 1234 1234 PM 



SD GH 


Fig. 8. Tissue specific expression of SD and GH cDNA clones assessed by RT- 

PCR.Amplified products from tissue specific RT-PCRs are shown. 
Lanes 1 and 2 contain the amplified products from the wild type (CS) 
and olf4\3 RNA respectively. Lanes 3 and 4 are the -RT (taken 
through all the steps except adding the enzyme Reverse Transciptase) 
controls of the wild type and olf4l3 RNA respectively. P corresponds to 
the PCR amplified product from the respective cDNA plasmid for size 
comparison and M is the marker. (1 Kb DNA ladder). 
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Fig. 9. The splicing pattern of olf 413 cDNAs. GH is multiply spliced. 

Protein Products : SD codes for an 88 residue polypeptide and has a 3 kb untranslated 
region. The protein is soluble. It has no homolog in the protein data base. No signature 
sequences were detected. 

The GH RNA codes for a 368 amino acid polypeptide. There is a 1 kb untranslated 
region, and no significant transmembrane regions. Functional analysis of GH shows two 
Dopamine 3-monoxygenase signature sequences. These belong to a class of ascorbate 
dependent enzymes of the catacholamine biosynthetic pathway, converting dopamine to 3 
norepinephrine GH protein is 28% homologous to bovine dopamine hydroxylase 
precursor. 

Tissue specific expression : RNA was isolated from 100 antenna, 100 heads and 25 
abdomens of wild type and olj '413 and RT PCR experiments were carried out. Fig shows 
the results. GH is expressed in head and antenna but not in abdomen. There are no apparent 
differences between o//4l3 and CS. SD is expressed in all three tissues. 

In summary two cDNA clones GH11047 and SD08735 were identified in 
the olfA\7> region. The cDNAs were sequenced and their products identified. The genes are 
transcribed in opposite directions. SD is a novel polypeptide. GH is homologous to bovine 
dopamine hydroxylase. Its expression is restricted to head and antenna. 
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III. o//402 


The mutation olf402 affects the amplitude of EAG to ethyl acetate. Both larval and 
imago show reduced behavioral responses to ethyl acetate and ethyl phenyl acetate; 
somewhat unexpectedly the amplitude of electroantennogram is increased in the mutant by 
about 50 percent over the wild type. 

Excision : The P-element was mobilized to obtain 160 excision lines showing 

variation in their EAG as well as their behavioural response. Fig 9 presents a plot of EAG 
amplitudes arranged in a decreasing order against the behavioural response. Normal 
behaviour correlates strongly with wild type EAG. A change in either direction leads to 
mutant behaviour. 



MuUnt* 


Fig. 10. The relation of EAG amplitude to behavioural response in 

excision lines from oIf 402. The lines have been arranged in a decreasing order of 
EAG amplitude. Y axis shows olfactory response as percent of wild type. 
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Molecular Analysis : A 6 kb flanking DNA fragment was rescued from o 1/402. P402 end 
sequences located it in the bithorax region on the third chromosome, spanning the genomic 
sequences of DS00846 and DS03408. The P-insertion is between two genes abdk and 
glut- 1. However, from over one million clones from a cDNA library probed with P402 no 
cDNAs were found.. None of the ESTs in the region showed any homology with P402. 
The status of olf402 thus remains unsettled. 


Fig. 11. Physical map of the Ubx region showing the position of P402 between 

abd A and glut 1. 
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IV. Olfactory genes at 99B 


Five olfactory mutants olJ507 , olf 534 , olflOl , o//345 and oIJ70\ exhibit a veriety 
of phenotypes. OlJ 345 has a multiple block to several esters. Others have a restricted range 
of deficiencies ; o//534 is blocked to ethyl acetate olflOl to iso amyl acetate and olflOX to 
both iso-amyl and ethyl acetate. Flanking DNA’s were rescued from four of the mutants 
and the rescued fragments were hybridized to PI clones covering the region 99B. 
However, attempts to excise the inserts failed and the nature of the mutations remain 
uncertain. Hybridizations with P-rosy + and P-blue script have given conflicting results. 

V. OlJ 512 

This mutation blocks response to ethyl acetate. The strain contains a single P-insert 
at 53 B-C Molecular analysis of the gene is in progress. 


4. chs genes 

A group of mutants are impaired simultaneously in olfaction and taste . We have 
designated these loci chemosensory (chs). Three such genes chs A , chsB and chsC have 
been found. 

ChsA : The gene was localised to 52 A by in situ hybridization. It is defective in larval 
and adult olfactory tests to a number of odours , ethyl acetate , butanol, butyl acetate, 
cyclohexanone and propionic acid. In gustatory behaviour measured by feeding preference, 
chs A shows a female specific deficit in response to sucrose and NaCl. Excision 
experiments yielded wild type and mutant revertants showing that the phenotype arises 
from P-element insertion.The gene is located in segment 45. 

Chs B : Its behavioural responses are similar to chs A 
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Chs C: This is an X-linked gene. In gustatory tests it shows altered responses to sucrose, 
fructose, NaCl and KC1. Olfactory tests show deficits to several odour. 
Electrophysiological responses of chs mutants are unaffected. Further analysis of these 
genes is in progress. (Fig 12) 





Fig. 12. Responses of chs C to sugar and salts in feeding preference test. 

o wild type; • chs C. Panel A and B Represent Partial Attraction and 
Panel C and D represent partial repulsion 


5. New gustatory mutants 

We had previously described a gene gustE in which sodium- induced firing of LI 
neuron is reduced. During the present project two additional loci gust F and gust] , which 
have a similar phenotype were found. Genetic analysis of these loci has been completed. 
(Jayaram and Siddiqi, 1997 and Saraswati, 1998) 
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Fig.13. Eledrophysiological responses of gust J. Single unit extracellular recordings from labellar sensilla. 

















6. Electrophysiological studies on sensory neurons 


In order to examine the effect of genetic mutations on sensory physiology, we have 
developed new methodologies for recording electroantennograms (EAG) , single unit 
responses from sensilla on the antenna and patch clamp recordings from cultured cells. 
Single unit recordings from the antennal sensilla basiconica were carried out and a 
response map of the wild type was been constructed (Fig 13). The map shows a 
characteristic topography, Sensilla basiconica tested against 6 odorants fall into specific 
classes, each with a characteristic response spectrum. Three of the sensillary types are 
restricted to a narrow region of the antenna. The other three are scattered on the upper and 
the lower face. 


We have also developed methods for culturing sensory neurons and successfully 
made patch clamp recordings from these cultures. Neurons of antenna and proboscis can be 
kept alive in cultures upto 3 weeks and remain electrically active. (Fig 14) 



Fig. 14. Responses of sensilla basiconica on the funiculus to six different 
odours.Note the characteristic distribution of different types of 
response spectra on the antennal surface. 
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Fig. 15. Taste neurons of Drosophila in sustained primary cultures. (A and B) 
Neurons in 7 day old cultures exhibit repoter enzyme (ft-galactosidase) 
activity (arrowheads). A macrophage-like cell is unstained(arrow). ( C) 
Neurons double stained for G-galactosidase and with the neuron 
specific antibody 22C 10 showing very fine neurites. (D and E) A 
neuronal cell from the transformant line elav Gal-4: UAS GFP 
expressing green fluorescent protein, showing varicosities along the 
neurites. (F) Support cells or epithelial cells (marked by arrows) are 
sometimes found closely opposed to neurons (arrowheads). (G) A whole 
cell current recording trace from a cell in culture. 


7. Monoclonal antibodies reacting with 
chemosensory pathway of Drosophila. 

A library of monoclonal antibodies with unique staining patterns in the antenna and 
the antennal lobes of Drosophila was generated. MABF142D6 stains sensilla coelocomia 
and thick Sensilla basiconic in the funiculus. Y1-3D10 stains only a few Sensilla in and 
around the scapulas while F152E8 stains subsets of glomeruli in the antennal lobe. The 
antibodies have been used to examine age-related changes in the antennal lobe after 
eclosion (Mistry, Y., Mistry , R. and Siddiqi, 2000.) 
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8. Summary 


This report describes the work on behaviour genetics and molecular biology of a set 
of chemosensory genes of Drosophila under DBT Project BT/R&D/9/2/93/NS. Three 
classes of genes have been examined. These have been designated olfactory (olf), gustatory 
(gust) and chemosensory (chs). 

The main project dealt with nine olf genes, which affect olfactory responses of 
Drosophila to acetate esters. Molecular and genetic characterization of three of these genes 
has been completed and their putative products have been identified. 

a) olf[ 86 causes a broad ranging ansonia and affects the courtship behaviour of 
males. Among its products are two proteins, a 254 residue long M polypeptide 
present in the body and the brain of the fly and a 357 residue long F protein 
restricted to the females brain. F is a membrane protein. 

b) The gene olf4\3 causes an odour specific block. The P-insertion is located in 
the 5’ regions of two genes which are transcribed in opposite directions. One of 
the genes (SD) code for an 88 amino acid polypeptide; the other (GH) codes for 
an enzyme of the catecholamine biosynthetic pathway, weakly homologous to 
bovine dopamine hydroxylase. 

c) The P-insert olj 402 is located in the middle of the Ubx (ultrabithorax) region. 
Between the genes abd and glut. This segment of the chromosome does not 
appear to code for a recognisable protein. No cDNAs corresponding to the 
genomic region were found. The affect of the mutation is presumably 
regulatory. 

Experiments with five loci (345; 507,534,701 and 702) in the 99B 
region of the III chromosomes are continuing. These genes have presented 
unsuspected difficulties because the P-element does not appear to be excisable. 
Experiments on the gene o//415 are also continuing. 
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d) Two new gustatory genes gust? and gust] and three chemosensory (chs) genes 
have been isolated. Detailed behavioral and genetic studies on these genes have 
been carried out. Molecular studies are also in progress. 

During the project computer automated techniques of olfactory and 
electrophysiological recordings were developed. These include the analysis of 
electroantennogram, single unit firing from sensory neurons in antenna and 
proboscis and patch clamp recordings from cultured neurons. A panel of 
monoclonal antibodies which react with cells of the olfactory pathway has been 
generated. 
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1. Background 

The research project Neurogenetic Analysis of Chemosensory Reception in 
Drosophila BT / R&D/9/2/93-NS began in 1994. The initial grant was for three years. It 
was subsequently extended for two years (1998 and 1999) without additional cost. This is 
the final report covering the period 1994-1999. Annual progress reports were submitted in 
1995,96,97 and 98. 

The aim of the project was to study the mechanism of chemosensory reception in 
Drosophila melanogaster by isolating olfactory and gustatory mutants by a combined 
behavioural, electrophysiological and molecular genetic analysis of these mutants. The 
chief purpose of the project was to gain a deeper understanding of the molecular 
mechanism of chemosensory reception and its genetic regulation. 

2. Chemosensory Mutants 

Three groups of genes have been examined in the course of this study. Olfactory 
genes designated olf, affect responses to one or more of a set of volatile odorants; 
Gustatory genes designated gust affect taste responses to salts and/or sugar; chemosensory 
genes chs affect olfaction and taste but not other sensory behaviours i.e., vision or 
mechanosensation. 

Previous work in our laboratory had yielded six olfactory genes. olfA, olJB 
olfE and olf? which are defective in response to aldehydes; olJC is deficient in responses 
to acetate esters and olJD is smell blind i.e. multiply blocked to a number of different 
odours. These mutants are located on the X-chromosome. The present project concentrated 
on autosomal mutants generated by the transposon P-Arb. These loci affect responses to 
acetate esters. Nine new genes were obtained. Two of the olf genes 0 //I 86 and olj 512 are 
on the 2 nd chromosome; the remaining seven, o//402 , o//413, o//345, ol/534. 01/507, 
olflOX and olf 102 are on the III chromosome. 

Two new gustatory genes gws/F and gust] were obtained. The mutants exhibit 
increased repulsion to NaCl. Three other genes were found to be simultaneously defective 
in both taste and smell. There have been designated chsA, chsB and chsC. The genes 
which were studied in the course of this project, are listed in table 1 . 
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Table 1 


List of Chemosensory Mutants used in the project. 


Gene 

Chromosome Arm 

Region 

olf 186 

2R 

54E 

olf 5\2 

2R 

53B-C 

olf A\2 

3L 

63A 

olf 402 

3R 

85B 

olf 345 

3R 

99B 

olf 534 

3R 

99B 

olf 501 

3R 

99B 

olf 10\ 

3R 

99B 

olf 102 

3R 

99B 

gust J 

I 

17C-D 

gust F 

I 

- 

chs A 

2R 

52A 

chs B 

- 

- 

chs C 

- 

- 


Phenotypic Characterization 

Several laboratories have screened cDNA libraries with molecular probes in the 
hope of employing reverse genetics to gain insight into olfaction. We have, on the other 
hand, used behavioural screening to isolate olfactory mutants. Both approaches have their 
advantages and disadvantages. Behavioural genetic screening assures us that the isolates 
have a chemosensory phenotype. We also carried out screenings using expression of 
B-galactosidase in PArb vector in the antenna or proboscis as a diagnostic test. Among 
mutants screened by behaviour about one third show B-gal expression in the chemosensory 
organs. 


We employed a number behavioral tests to characterize the olfactory mutants. 
Larval response were examined in plate test (V. Rodrigues, 1980; Lilly et. al, 1982) Adult 
olfactory responses were tested in the olfactory maze (Rodrigues & Siddiqi, 1978) and the 
olfactory trap ( Balaji, 1997 ) the odour induced jump test. Gustatory responses were 
examined in the feeding preference test and the proboscis extension test (Rodrigues and 
Siddiqi, 1980). 
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Table 2. Phenotypes of olf mutants in larval tests. + Normal, - Deficient 

Reporter gene expression 

Tissue specific expression of the reporter gene was examined by staining whole 
mounts or histological sections with X-gal. Expression patterns of individual genes are 
discussed in each case in the section on molecular characterization. 

Electrophysiological tests 

Two types of tests were used. Electro-antennogran (EAG) measures surface 
potential of the antenna following odor stimulation. Single unit responses of olfactory and 
gustatory neurons were measured with capillary electrodes. Several of the mutants show 
changes in peripheral electrophysiology. These are discussed in the sections dealing with 
individual genes. 
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Courtship Defects In Olfactory Mutants 


It was known from previous experiments with mutants olJC and ol/D that acetate 
mutants exhibit defects in courtship behavior. Some of the new olf mutants are also 
defective in mating behaviour. In particular five of the isolates olflOl, 0 //I 86 , olfSAS , 
o//534 and ol/JOl exhibit severe reduction in mating efficiency. Fig.l shows the kinetics of 

mating behaviour in some of these mutants. 
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Fig. 1 Some olfactory mutants defective in courtship behaviour. Note that the 
deficiency in olfA\6 and olf 186 is more pronounced in the males. 


Pairwise mating between normal and mutant flies were carried out in all possible 
combinations i.e. normal x mutant , mutant x normal ; mutant mutant and normal 
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x normal . In five of the mutants (ol/102,olf\ 86, o//345, olf 534 and olfI0\) the block in 
mating is entirely due to a deficiency in the male. We interpret the result to mean that the 
effect of the olf mutations on the male is an inability to sense an odour cue emitted by the 
female. These results confirm the earlier finding that, In Drosophila, one or more acetate 
esters act as female pheromone. 


3.Molecular Analysis of Olfactory Loci 

In the molecular analysis of olfactory genes the following strategy was employed. 
The P-element was localized by insitu hybridization with chromosomal DNA. 
The rosy + insert was excised away by appropriate crosses and the selected rosy excision 
lines were tested for olfactory response. Wild type and mutant revertants were obtained in 
all cases except in the crosses with mutants located at position 99B. The 99B lines gave 
unexpected results, which are discussed separately. 

Plasmids were rescued and the flanking DNA obtained was used as a probe to 
select clones from the Drosophila genomic library containing DNA on either side of the 
inserted element. The Genomic probes spanning about 10 kb on the two sides of the insert 
were used to screen cDNA libraries. These cDNAs were sequenced and analysed for 
putative protein products. 

I. Olfl86 

Olf[ 86 is defective to a broad range of esters in both larval and imaginal 
behaviour. It exhibits reduced responses to ethyl acetate, isoamyl acetate, butyl acetate, 
cyclohexyl acetate and heptyl acetate. Responses to non-acetate esters, ethyl butyrate,ethyl 
iso-butyrate, ethylhexanoate and isoamyl formate are also affected. At the same time the 
mutant has normal responses to butyl butyrate, ethyl hexanoate, butyl propionate and ethyl 
heptanoate as well as butanol, cyclohexanone, benzaldehyde and butyric acid. 

The reporter B-galactosidase is expressed in antenna, proboscis and in certain parts of the 
brain in a sex- limited fashion, expression being more pronounced in males than in the 
females. The mutant males are defective in courtship behavior. 
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Electrophysiology : Correlated with sex-specific behavioral defects in olfl 86 is a 
marked reduction in the amplitude of EAG. The effect on male antenna is greater than on 
female antenna. (Fig. 2 ) 




Fig. 2. The EAG response of olflS6 to ethyl acetate; o wild type; • olf 186. 

A. females ; B males. 


P-element excision : One hundred excision lines were generated by appropriate genetic 
crosses. Thirty of these were lethal. Viable excised lines contained both precise and 
imprecise revertants. A group of 21 mutants among excised lines failed to complement the 
parental mutant olf[ 86. By deficiency mapping the lethal revertants were localised to 54D, 
and a lethal complementation map of the chromosomal segment 54C 11 -54F8 was 
constructed (Fig 3). Southern mapping showed that both lethal and viable revertants had 
break points in the region. 
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Fig. 3. Genetic mapping of lethal complementation groups in olf 186 region. 24 
revertants are member of L2 group. This group fails to complement viable olf 
mutants. A, Complementation map of lethal mutants generated by the excision of P- 
olf\ 86. B, Restriction map of flanking DNA. 
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Fig. 4. Physical map of olf 186 genomic region showing the transcription pattern of 
tw'o cDNAs. M. cDNA codes for a soluble protein. F. codes for a female specific 
membrane protein. 
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cDNA analysis'. A plasmid rescued from 0 //I 86 containing flanking DNA, was used to 
screen a Drosophila genomic library to obtain inserts covering the region. One of these, 
A18, covers both sides of P-element. A18 was employed as a probe to screen three 
different cDNA libraries. Two of these are sex specific libraries made from male and 
female heads and the third is an antennal library made by Dr. Leslie Vausshal of Columbia 
University. 

Five cDNA clones from the male head library (designated M1-M5) and five from 
the female head library were sequenced. These clones fall in the P| region DS0752 whose 
genomic sequence is available. Forward and reverse strand sequences of 8 cDNA clones 
were analysed. The 15 kb genomic region which gives rise to these cDNA clones has over 
a dozen introns and is multiply spliced. The physical map of the region along with its 
transcription pattern is shown in fig 4. M3 and M4 are 1368 and 1627 base pairs long with 
an overlap of 1368 bases. They arise from a single exon. The F cDNAs on the other hand 
are multi-exonic and belong to two families. FI and F4 are identical; F2 and F5 are 
shorter cDNAs without a polyA tail. Northern analysis shows that the M transcript is 
expressed in both sexes whereas the expression of F mRNA is restricted to 
females (Fig 5) 
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Fig. 5. Northerns showing tissue specific transcription pattern of M and F RNAs. 
Poly A- purified RNAs were hybridised to labelled IM and F probes. 
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Protein Products : The M cDNA has a single ORF with a start and a stop codon. It codes 
for a 254 amino acid polypeptide. The predicted protein shows no homology to known 
proteins, Hydropathy analysis shows that it is a soluble protein. The F cDNA has a 1056 
base pairs long ORF coding for a 351 amino acid polypeptide. The product is a membrane 
protein with about five transmemberane helical domains. (Fig 6) 

In summary o/fl86 is a multi exon gene spliced to produce more than one 
polypeptide. One of these (designated M ) is a soluble protein; the other (designated F) is a 
membrane protein specific to females. 



Fig. 6. Internal structure of the F protein based on the analysis of hydropathy. 
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II. o#413 


The P-element in 00413 is located at 79 C-D on the III chromosome. The strain is 
specifically blocked to ethyl acetate; responses to all other odorants are normal. Both larva 
and imago are affected. The reporter gene is expressed in sensory neurons and accessory 
cells of the larval dorsal organ and in the adult antenna and brain. 

Excision : Seventeen excision lines were generated. Three of the revertants were 
lethal. One had a wild type olfactory response. The remaining lines were viable mutants. 
Two strong mutant excision lines xl and x2 , allelic to o0413 were selected for further 
study. Additional P-elements, EP(3) 0851 and EP(3) 3230, were obtained. These are 
located close to the original insertion, 7 and 39 base pairs apart respectively from olf4 13. 
00413, xl and x2 belong to a single complementation group. The lethal revertants also 
form a single complementation group. But they are not allelic to 00413. Fig 7 shows the 
position of the three P-elements in the genomic DNA. 
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Fig. 7. Physical map of olf 413 region showing the positions of P and EP elements and 
direction of transcription of the two cDNAs SD and GH. 
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Molecular Analysis : A plasmid carrying a 12.5 kb flanking DNA was rescued from o//4l 3 
and sequenced. The end sequences of P413 were homologous to two cDNA clones 
SD08375 and G11047 and to the inverse PCR sequences from two EP elements EP0851 
and EP3230. The physical map of the region is shown in Fig8 

The cDNA clone (SD and GH) are directionally sub cloned between EcoRl and 
Xhol sites of vector POT2. These are translated in opposite directions. SD has a single 
exon 3.6 kb in size. GH is 3.4 kb and contains 11 exons. 

GH protein is unusual; It is spread over 106 kb of the genomic region and contains very 
large introns. The intron-exon maps of the two cDNAs are shown in Fig 8. 
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Fig. 8. Tissue specific expression of SD and GH cDNA clones assessed by RT- 

PCR.Amplified products from tissue specific RT-PCRs are shown. 
Lanes 1 and 2 contain the amplified products from the wild type (CS) 
and olf4\3 RNA respectively. Lanes 3 and 4 are the -RT (taken 
through all the steps except adding the enzyme Reverse Transciptase) 
controls of the wild type and olf4l3 RNA respectively. P corresponds to 
the PCR amplified product from the respective cDNA plasmid for size 
comparison and M is the marker. (1 Kb DNA ladder). 
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Fig. 9. The splicing pattern of olf 413 cDNAs. GH is multiply spliced. 

Protein Products : SD codes for an 88 residue polypeptide and has a 3 kb untranslated 
region. The protein is soluble. It has no homolog in the protein data base. No signature 
sequences were detected. 

The GH RNA codes for a 368 amino acid polypeptide. There is a 1 kb untranslated 
region, and no significant transmembrane regions. Functional analysis of GH shows two 
Dopamine 3-monoxygenase signature sequences. These belong to a class of ascorbate 
dependent enzymes of the catacholamine biosynthetic pathway, converting dopamine to 3 
norepinephrine GH protein is 28% homologous to bovine dopamine hydroxylase 
precursor. 

Tissue specific expression : RNA was isolated from 100 antenna, 100 heads and 25 
abdomens of wild type and o//413 and RT PCR experiments were carried out. Fig shows 
the results. GH is expressed in head and antenna but not in abdomen. There are no apparent 
differences between olf4\3 and CS. SD is expressed in all three tissues. 

In summary two cDNA clones GH11047 and SD08735 were identified in 
the o//413 region. The cDNAs were sequenced and their products identified. The genes are 
transcribed in opposite directions. SD is a novel polypeptide. GH is homologous to bovine 
dopamine hydroxylase, Its expression is restricted to head and antenna. 
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III. o//402 


The mutation o1/402 affects the amplitude of EAG to ethyl acetate. Both larval and 
imago show reduced behavioral responses to ethyl acetate and ethyl phenyl acetate; 
somewhat unexpectedly the amplitude of electroantennogram is increased in the mutant by 
about 50 percent over the wild type. 

Excision : The P-element was mobilized to obtain 160 excision lines showing 

variation in their EAG as well as their behavioural response. Fig 9 presents a plot of EAG 
amplitudes arranged in a decreasing order against the behavioural response. Normal 
behaviour correlates strongly with wild type EAG. A change in either direction leads to 
mutant behaviour. 



Mutant* 


Fig. 10. The relation of EAG amplitude to behavioural response in 

excision lines from olf 402. The lines have been arranged in a decreasing order of 
EAG amplitude. Y axis shows o/factory response as percent of wild type. 
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Molecular Analysis : A 6 kb flanking DNA fragment was rescued from olfAOl. P402 end 
^ sequences located it in the bithorax region on the third chromosome, spanning the genomic 

y sequences of DS00846 and DS03408. The P-insertion is between two genes abdA and 

y glut- 1. However, from over one million clones from a cDNA library probed with P402 no 

% cDNAs were found.. None of the ESTs in the region showed any homology with P402. 

The status of o//402 thus remains unsettled. 


Fig. 11. Physical map of the Ubx region showing the position of P402 between 
abd A and glut I. 
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IV. Olfactory genes at 99B 


Five olfactory mutants olJ5Ql , olj 534 , olflOl , o//345 and olfI0\ exhibit a veriety 
of phenotypes. 0//345 has a multiple block to several esters. Others have a restricted range 
of deficiencies ; olf 534 is blocked to ethyl acetate o If! 02 to iso amyl acetate and olf!0\ to 
both iso-amyl and ethyl acetate. Flanking DNA’s were rescued from four of the mutants 
and the rescued fragments were hybridized to PI clones covering the region 99B. 
However, attempts to excise the inserts failed and the nature of the mutations remain 
uncertain. Hybridizations with P-rosy + and P-blue script have given conflicting results. 

V. 0!J5\2 

This mutation blocks response to ethyl acetate. The strain contains a single P-insert 
at 53 B-C Molecular analysis of the gene is in progress. 


4. chs genes 

A group of mutants are impaired simultaneously in olfaction and taste . We have 
designated these loci chemosensory (chs). Three such genes chsA , chsB and chsC have 
been found. 

ChsA : The gene was localised to 52 A by in situ hybridization. It is defective in larval 
and adult olfactory tests to a number of odours , ethyl acetate , butanol, butyl acetate, 
cyclohexanone and propionic acid. In gustatory behaviour measured by feeding preference, 
chsA shows a female specific deficit in response to sucrose and NaCl. Excision 
experiments yielded wild type and mutant revertants showing that the phenotype arises 
from P-element insertion.The gene is located in segment 45. 

Chs B : Its behavioural responses are similar to chsA 
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Chs C: This is an X-linked gene. In gustatory tests it shows altered responses to sucrose, 
fructose, NaCl and KC1. Olfactory tests show deficits to several odour. 
Electrophysiological responses of chs mutants are unaffected. Further analysis of these 
genes is in progress. (Fig 12) 


Fig. 12. 



Responses of chs C to sugar and salts in feeding preference test. 

o wild type; • chs C. Panel A and B Represent Partial Attraction and 
Panel C and D represent partial repulsion 


5. New gustatory mutants 

We had previously described a gene gtts/E in which sodium- induced firing of LI 
neuron is reduced. During the present project two additional loci gus/F and gust] , which 
have a similar phenotype were found. Genetic analysis of these loci has been completed. 
(Jayaram and Siddiqi, 1997 and Saraswati, 1998) 
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Fig.13. Electrophysiological responses of gust J. Single unit extracellular recordings from labellar sensilla. 




























6. Electrophysiological studies on sensory neurons 


In order to examine the effect of genetic mutations on sensory physiology, we have 
developed new methodologies for recording electroantennograms (EAG) , single unit 
responses from sensilla on the antenna and patch clamp recordings from cultured cells. 
Single unit recordings from the antennal sensilla basiconica were carried out and a 
response map of the wild type was been constructed (Fig 13). The map shows a 
characteristic topography, Sensilla basiconica tested against 6 odorants fall into specific 
classes, each with a characteristic response spectrum. Three of the sensillary types are 
restricted to a narrow region of the antenna. The other three are scattered on the upper and 
the lower face. 


We have also developed methods for culturing sensory neurons and successfully 
made patch clamp recordings from these cultures. Neurons of antenna and proboscis can be 
kept alive in cultures upto 3 weeks and remain electrically active. (Fig 14) 
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Fig. 14. Responses of sensilla basiconica on the funiculus to six different odours. 

Note the characteristic distribution of different types of response spectra on the 
antennal surface. 



Fig. 15. Taste neurons of Drosophila in sustained primary cultures. (A and B) 
Neurons in 7 day old cultures exhibit repoter enzyme (O-galactosidase) 
activity (arrowheads). A macrophage-like cell is unstained(arrow). ( C) 
Neurons double stained for B-galactosidase and with the neuron 
specific antibody 22C 10 showing very fine neurites. (D and E) A 
neuronal cell from the transformant line elav Gal-4: UAS GFP 
expressing green fluorescent protein, showing varicosities along the 
neurites. (F) Support cells or epithelial cells (marked by arrows) are 
sometimes found closely opposed to neurons (arrowheads). (G) A whole 
cell current recording trace from a cell in culture. 


7. Monoclonal antibodies reacting with 
chemosensory pathway of Drosophila. 

A library of monoclonal antibodies with unique staining patterns in the antenna and 
the antennal lobes of Drosophila was generated. MABF142D6 stains sensilla coelocomia 
and thick Sensilla basiconic in the funiculus. Y1-3D10 stains only a few Sensilla in and 
around the scapulas while F152E8 stains subsets of glomeruli in the antennal lobe. The 
antibodies have been used to examine age-related changes in the antennal lobe after 
eclosion (Mistry, Y., Mistry , R. and Siddiqi, 2000.) 
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8. Summary 


This report describes the work on behaviour genetics and molecular biology of a set 
of chemosensory genes of Drosophila under DBT Project BT/R&D/9/2/93/NS. Three 
classes of genes have been examined. These have been designated olfactory ( olj ), gustatory 
(gust) and chemosensory (chs). 

The main project dealt with nine olf genes, which affect olfactory responses of 
Drosophila to acetate esters. Molecular and genetic characterization of three of these genes 
has been completed and their putative products have been identified. 

a) olf\S6 causes a broad ranging ansonia and affects the courtship behaviour of 
males. Among its products are two proteins, a 254 residue long M polypeptide 
present in the body and the brain of the fly and a 357 residue long F protein 
restricted to the females brain. F is a membrane protein. 

b) The gene olf4\3 causes an odour specific block. The P-insertion is located in 
the 5’ regions of two genes which are transcribed in opposite directions. One of 
the genes (SD) code for an 88 amino acid polypeptide; the other (GH) codes for 
an enzyme of the catecholamine biosynthetic pathway, weakly homologous to 
bovine dopamine hydroxylase. 

c) The P-insert olf402 is located in the middle of the Ubx (ultrabithorax) region. 
Between the genes abd and glut. This segment of the chromosome does not 
appear to code for a recognisable protein. No cDNAs corresponding to the 
genomic region were found. The affect of the mutation is presumably 
regulatory. 

Experiments with five loci (345; 507,534,701 and 702) in the 99B 
region of the III chromosomes are continuing. These genes have presented 
unsuspected difficulties because the P-element does not appear to be excisable. 
Experiments on the gene olf4\5 are also continuing. 
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d) Two new gustatory genes gustV and gust] and three chemosensory ( chs ) genes 
have been isolated. Detailed behavioral and genetic studies on these genes have 
been carried out. Molecular studies are also in progress. 

During the project computer automated techniques of olfactory and 
electrophysiological recordings were developed. These include the analysis of 
electroantennogram, single unit firing from sensory neurons in antenna and 
proboscis and patch clamp recordings from cultured neurons. A panel of 
monoclonal antibodies which react with cells of the olfactory pathway has been 
generated. 
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